Common dermatological side-effects associated with erlotinib, epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor (TKI), include pruritus and skin rash, which are mediated by substance P, leading to the occasional discontinuation of cancer treatment. Aprepitant is an antagonist of neurokinin-1 receptor, through which substance P activates the pruritogens. Thus, aprepitant is expected to offer a promising option for the treatment of erlotinib-induced pruritus. However, the appropriate treatment schedule for aprepitant administration is under consideration. Here, we discuss the need for flexible adjustment of the treatment schedule for aprepitant administration against erlotinib-induced refractory pruritus and skin rush. A 71-year-old female smoker presented with stage IV EGFR-mutated lung adenocarcinoma. She was started on erlotinib at 150 mg/day. However, by 28 days, severe pruritus and acneiform skin rush resistant to standard therapies occurred, resulting in the interruption of erlotinib therapy. After recovery, she was restarted on erlotinib at 100 mg/day. However, severe pruritus and skin rush developed again within 2 weeks. Then, we started the first 3-day dose of aprepitant (125 mg on day 1, 80 mg on day 3, and 80 mg on day 5) based on the results of the previous prospective study, which showed the success rate of 100% with at least the second dose of aprepitant. However, the pruritus and skin rush exacerbated again within 4 weeks. Therefore, we started the second 3-day dose of aprepitant, but in vain. At this point, as the patient-centered medicine, bi-weekly schedule of the 3-day dose of aprepitant was considered and, then, adopted. As the results, the pruritus and skin rush remained well-controlled throughout the subsequent treatment with erlotinib.
Introduction
Epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs), such as gefitinib, erlotinib, and afatinib, show marked responses to advanced lung cancer harboring the sensitizing EGFR mutation [1] . Common dermatological side-effects associated with EGFRTKIs include pruritus and skin rash. The incidence of pruritus induced by erlotinib is known as 9-13%, leading to the occasional dose modifications or discontinuation of cancer treatment on the basis of the worsened quality of life [2] . Although the pathogenesis of pruritus during the treatment with EGFR-TKIs is not completely understood, substance P is known as an important neuromediator of pruritus [3] . Aprepitant is the first commercially available drug of a new class of neurokinin-1 receptor antagonists for treating chemotherapy-induced nausea and vomiting. The dominant ligand for the neurokinin-1 receptor is substance P. Recent reports described the improvement in erlotinib-induced pruritus after aprepitant administration [4, 5] . However, the appropriate treatment schedule for aprepitant administration is under consideration. Therefore, in the present case report, we discuss the need for flexible adjustment of the treatment schedule for aprepitant administration against erlotinib-induced refractory pruritus and skin rush.
Case Report
A 71-year-old female smoker presented with stage IV lung adenocarcinoma harboring the EGFR exon 21 L858R mutation. She had no history of drug allergies or autoimmune disease. She was started on erlotinib at 150 mg/day for the treatment. Although she had been taking medications over many years, including calcium-channel blocker for hypertension and statin for hyperlipidemia, erlotinib was her only new medication. Then, by 28 days after the start of erlotinib therapy, she presented with severe pruritus of grade 3 according to the National Cancer Institute's Common Toxicity Criteria. The pruritus was resistant to local application of steroid ointment and to standard systemic therapies, including oral steroids and antihistamines. Furthermore, the pruritus was also linked to acneiform skin rush, leading to the interruption of erlotinib therapy for a period of 2 weeks.
After recovering from these skin side-effects, she was restarted on erlotinib at a reduced dose of 100 mg/day. Oral steroids and antihistamines were continued to prevent recurrence of the pruritus and skin rush. However, within 2 weeks after restarting erlotinib, severe pruritus of grade 3 developed again, followed by acneiform skin rush especially on her face (Fig.  1 ). An evaluation of the pruritus by means of a visual analogue scale (VAS), in which a score of 0 indicates no pruritus and a score of 10 indicates the worst pruritus imaginable, resulted in a score of 8. Therefore, erlotinib was again discontinued, and she was started on aprepitant at 125 mg on day 1 after discontinuation, 80 mg on day 3, and 80 mg on day 5 with the aim of treating the pruritus and skin rush. This treatment schedule for aprepitant administration was decided after studying the various treatment schedules on the basis of the scientific reports of aprepitant administration [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Then, the prompt improvement was observed within 5 days after starting the first dose of aprepitant, leading to a score of 2 for the pruritus on the VAS (Fig. 2) .
After this recovery, she was restarted on erlotinib at 100 mg/day. However, the pruritus and skin rush gradually exacerbated thereafter, leading to scores of 4 and 8 for the pruritus on the VAS within 2 and 4 weeks, respectively (Fig. 3) . Then, by starting the second dose of aprepitant, the prompt improvement was again observed within 5 days, leading to a score of 2 for the pruritus on the VAS. However, the pruritus and skin rush eventually exacerbated within 4 weeks. At this point, bi-weekly schedule for aprepitant administration (125 mg on day 1, 80 mg on day 3, and 80 mg on day 5, every 2 weeks) was considered and, then, adopted. As the results, throughout the subsequent treatment with erlotinib, the pruritus and skin rush remained well-controlled within the scores of 2 and 4 for the pruritus on the VAS (Fig. 4) .
Discussion
Regarding the mechanism of erlotinib-induced pruritus, erlotinib is known to induce the secretion of stem-cell factor and the subsequent accumulation of dermal mast cells in the lesional skin of patients with erlotinib-induced rash [3] . Substance P, a tachykinin neuropeptide, activates these mast cells through the neurokinin-1 receptor and causes the release of cytokines and chemokines such as histamine, prostaglandin D2, and leukotriene B4, which mediate pruritus [3] . Actually, injected substance P into the skin of non-atopic patients induces a pruritus response in normal and inflamed skin [17] . Moreover, the mast cells of patients with chronic pruritus have an increased number of neurokinin-1 receptors [18] . On the other hand, aprepitant is known to block the mast-cell degranulation mediated by the neurokinin-1 receptor [3] . Thus, aprepitant is expected to offer a promising option for the treatment of erlotinibinduced pruritus.
Recently, there have been the various successful scientific reports of aprepitant administration for the treatment of refractory pruritus. In these reports, the treatment schedules are not unified, showing 125 mg on day 1, 80 mg on days 3 and 5 [6] ; 125 mg on day 1, 80 mg on days 2-3 [4, 7] ; 125 mg on day 1, 80 mg on days 2-3, followed by alternating days of 125mg and 80mg thereafter [8] ; 125 mg on day 1, 80 mg on days 2-3, every 2 weeks [9, 10] ; 80 mg/day [5, [11] [12] [13] [14] [15] ; and 80 mg, every 3 days [16] . Notably, Santini et al. have conducted a prospective pilot study for evaluating the efficacy of aprepitant administration in 45 patients, with metastatic solid tumors, treated with EGFR-targeted biological drugs, and with first onset of severe pruritus during the treatment [6] . Among them, 24 (53%) patients had lung cancer, and 16 (36%) patients were treated with erlotinib. Patients were treated with aprepitant at 125 mg on day 1, 80 mg on day 3, and 80 mg on day 5. As the results, 39 (87%) patients showed no recurrence during the study period of 90 days after the first dose of aprepitant. In contrast, 6 (13%) patients showed recurrence after a median follow-up period of 7 weeks from the first dose of aprepitant. However, none of these 6 patients developed a new recurrence after the second dose of aprepitant.
On the basis of these results, we adopted the same treatment schedule for aprepitant administration at first, expecting the success rate of 87%, but in vain. Therefore, we started the second dose of aprepitant after 4 weeks from the first dose of aprepitant, expecting the success this time, but in vain again. According to the results of the prospective study, we should have been able to inhibit the recurrence of erlotinib-induced pruritus and skin rush with at least the second dose of aprepitant. However, we realized that the results of the study did not serve as a useful reference for our patient. Furthermore, at last, we recognized the need and importance to flexibly adjust the treatment schedule for aprepitant administration as the patient-centered medicine. Thus, considering that the pruritus and skin rush exacerbated especially after 2 weeks from the start of aprepitant administration, bi-weekly schedule (aprepitant at 125 mg on day 1, 80 mg on day 3, and 80 mg on day 5, every 2 weeks) was adopted for our patient, leading to the maintained success thereafter.
By the way, we did not adopt the treatment schedules for daily aprepitant administration although relatively many case reports have been published [5, 8, [11] [12] [13] [14] [15] . This is because little is known about the risk of erlotinib-aprepitant pharmacokinetic interactions. Aprepitant is an isoenzyme cytochrome P-450 3A4 isoform (CYP3A4) inhibitor [19] . On the other hand, CYP3A4 is involved in the metabolism of erlotinib and is approximately 70% responsible for the clearance [20] . Actually, when aprepitant at a dose of 80mg/day was added during the treatment with erlotinib at a dose of 150 mg/day, trough plasma levels of erlotinib as assessed on liquid chromatography were 1,210, 2,455, and 2,440 ng/mL on days 0, 7, and 14, respectively [5] . The doubling of the trough plasma levels of erlotinib after the initiation of aprepitant supports the hypothesis that aprepitant can significantly decrease the erlotinib clearance through the inhibition of CYP3A4.
In conclusion, to date, the confirmed treatment schedule for aprepitant administration against erlotinib-induced refractory pruritus and skin rush has not yet been established although the various treatment schedules have been tried. In this case report, we have discussed the need for flexible adjustment of the treatment schedule as the patient-centered medicine. Fig. 1 . Within 2 weeks after restarting erlotinib, severe pruritus developed again, followed by acneiform skin rush especially on her face. After adopting the bi-weekly schedule of the 3-day dose of aprepitant, the pruritus and skin rush remained well-controlled throughout the subsequent treatment with erlotinib.
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